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Significance of systemic endotoxaemia in
inflammatory bowel disease
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Abstract
Quantitative and qualitative disturbances
in faecal flora suggest a role for enteric
bacteria and their products in the patho-
genesis of inflammatory bowel disease
(IBD). This study investigated the
hypothesis that systemically circulating
endotoxins are of pathogenic significance
in IBD by measuring antibody, cytokine,
and acute phase protein responses.
Systemic endotoxaemia was found in 88%
patients with ulcerative colitis (n=25) and
940/0 with Crohn's disease (n=31) during
clinical relapse. Systemic endotoxaemia
correlated positively with anatomic extent
and clinical activity of ulcerative colitis.
Circulating tumour necrosis factor (TNF)
was detected in 40Gb ofpatients with ulcer-
ative colitis and 45% with Crohn's disease.
Plasma TNF concentrations correlated
with clinical and laboratory measures of
disease activity and were associated with a
surgical outcome to the disease episode.
Plasma soluble TNF receptor p55 concen-
tration correlated positively with disease
activity and endotoxin core antibody con-
centrations. Plasma IgG endotoxin core
antibody concentrations were signifi-
cantly increased in patients with Crohn's
disease and correlated with systemic
endotoxaemia. The presence of systemic
endotoxaemia, its correlation with disease
activity, disease extent, and endotoxin
core antibody concentration and the
detection of circulating TNF and soluble
TNF receptors all support a pathogenic
role for endotoxins in IBD.
(Gut 1995; 36: 897-901)
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Three findings have suggested that intestinal
bacteria participate in the pathogenesis of
inflammatory bowel disease (IBD): the histo-
logical resemblance of intestinal inflammation
caused by infectious agents (Campylobacter
jejuni, Yersinia enterocolitica, enteroinvasive
Escherichia coli, and Mycobacterium paratubercu-
losis) to IBD, the presence of granulomas in
Crohn's disease (CD) tissue, and the occur-
rence of the lesions of ulcerative colitis (UC) in
a location that normally harbours a luxuriant
bacterial population. 1 However, studies
attempting to isolate specific pathogens or
using antimicrobial treatment in IBD have
been inconclusive.2 3 Antibacterial antibody
studies have shown that there is increased
plasma cell exposure to bacterial antigens in

IBD patients, which implies that intraluminal
bacteria or their products translocate across
the intestinal wall.4 The occurrence of anti-
bodies against multiple different species and
different serotypes suggests that no single
bacterial species or strain is implicated. It has
been postulated that products of normal
luminal bacteria such as endotoxins, peptido-
glycans or formylated oligopeptides may
underlie the initiation and perpetuation of
intestinal inflammation.5-7 Indeed, experimen-
tal intestinal inflammation has been induced in
the rabbit by intracolonic instillation of endo-
toxin and formalin, in the mouse, rat, and
rabbit by intracolonic instillation of formylated
oligopeptides, and in the rat by intramural
injection of peptidoglycans.7-9

Circulating endotoxins have been repeatedly
shown in patients with UC and in those with
CD using a variety of techniques.5 10 11 These
studies have shown that systemic endotoxaemia
is positively correlated with disease activity,
radiological extent, the presence of intestinal
ulceration, and plasma protein concentrations.
It is not clear, however, whether systemic
endotoxaemia in IBD is of pathogenic signifi-
cance or an epiphenomenon reflecting a
disrupted intestinal mucosal barrier. Admini-
stration of endotoxin to human volunteers and
experimental animals induces many of the sys-
temic findings in IBD: fever, tachycardia, chills,
release of stress hormones, activation of com-
plement, and release of vasoactive amines and
platelet activating factor.'2 Parenteral adminis-
tration of endotoxin can also result in structural
and functional abnormalities in the intestinal
mucosa.13 14
The aim of this study was to investigate

whether systemic endotoxins are of pathogenic
significance in IBD by searching for evidence
of a specific systemic immune response to
endotoxin during active disease: production of
endotoxin core antibody (EndoCAb) and of
tumour necrosis factor (TNF). The glycolipid
core of the endotoxin molecule is highly
conserved between species and is associated
with the endotoxic properties.'5 TNF is a 157
amino acid protein secreted by activated
macrophages in response to endotoxin and is
believed to be responsible for many of the
pathophysiological processes that follow
endotoxaemia. 16

Methods

PATIENTS
Patients admitted to hospital with suspected
IBD or with a clinical relapse of previously
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Figure 1: Study experimental design.

diagnosed IBD were considered eligible for
study (Fig 1). Patients discharged or undergo-
ing surgery within five days of admission were
removed from the study, as surgical trauma, in
itself, induces an acute phase protein response.
Patients were classified on the basis of standard
clinical, radiological, and histological features
as suffering from UC, CD, or indeterminate
colitis (IC).

Control values for the EndoCAb assay (IgG
and IgM) were compiled from a study of 1024
blood donors. Control samples for the endo-
toxin and TNF assays were provided by over
100 healthy volunteers. This study was
approved by the research ethical committee of
the Faculty of Medicine, The Queen's
University of Belfast.

STUDY DESIGN

Clinical indices of disease activity
Clinical assessment of disease activity was

made on patients at admission, using the
Truelove and Witts' categories17 for patients
with UC and the Harvey-Bradshaw index18 for

patients with CD or IC.

Disease extent score

The extent of disease in patients with UC and
IC was arbitrarily quantified by awarding a

score of one point (maximum five points) for
involvement of each of the following in the
disease process: rectum, sigmoid colon,
descending colon, transverse colon, and
ascending colon.

Assays
Plasma collected daily from patients (days 1 to
5 after admission) and healthy volunteers was

assayed for endotoxin (pg/ml) using a quantita-
tive chromogenic limulus amoebocyte lysate
assay (Coatest Endotoxin, Quadratech, UK),
for tumour necrosis factor (TNF) (pg/ml)
using an enzyme linked immunosorbent
assay (ELISA),19 and EndoCAb also using an

ELISA.15 EndoCAb results are expressed as

median units (MU) where 100 MU is the

median of each of the IgG and IgM EndoCAb
ranges in 1024 blood donors. Positive endo-
toxaemia was defined as a plasma endotoxin
concentration >8-3 pg/ml (1 EU/ml).
The p55 soluble TNF receptor was

measured by ELISA. Briefly, microtitre plates
were coated with SR13 monoclonal antibody
to soluble p55 overnight at room temperature.
Soluble receptors were detected using a second
biotinylated monoclonal antibody 5R5 in
combination with a streptavidin-peroxidase
conjugate. The assay had a sensitivity of
0 5 ng/ml and a range of 0-5-100 ng/ml.

Laboratory measures of disease activity
Serum was assayed for C reactive protein
(CRP) (precipitin quantitation), c l acid glyco-
protein (rate nephelometry), albumin (bromo-
cresol green), and alkaline phosphatase activity.
Erythrocyte sedimentation rate (ESR), plasma
viscosity (PV), and full haematological profile
were also determined.

Laboratory indices of disease activity
Cooke and Prior20 derived a simple laboratory
index for IBD using only haemoglobin, albu-
min, and seromucoid (oxl acid glycoprotein)
concentrations. Positive values indicated health
and negative values ill health. For this study, a
modified Cooke-Prior score was calculated as
only serum otL acid glycoprotein concentration,
rather than total seromucoids, was measured.

Modified Cooke-Prior score=
[Hb (g/dl)] + [alb (g/l)] - [o, acid glycoprotein (g/l) X 8] - [constant 37]

where Hb=haemoglobin concentration;
alb=albumin concentration; and serum sero-

mucoid concentration has been converted to
serum al acid glycoprotein concentration.

Outcome assessment
Patients were classified into two groups

according to outcome at six months after
study: (a) those whose disease was in remission
(asymptomatic) or under control (receiving
acetylsalicylic acid or corticosteroids, or both);
and (b) those having undergone surgical
excision of diseased intestine.

Calculations
Results are expressed as mean (SEM). Data
analysis was performed on a Macintosh LC
personal computer using Kruskal-Wallis
ANOVA, Spearman rank correlations, and
Student's t test (Statworks). Probabilities less
than 0.05 were considered significant.

Results

Patients details
Sixty four patients with IBD were studied
(UC: n=25, IC: n=8, CD: n=31) with a
median age of 34.5 years (range 14-73);
34 male and 30 female. The study period

Hospital
admission

Endotoxin,
TNF, and
EndoCab
concentrations.
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TABLE I Laboratory disease activity assessment in IBD

UC (n=25) IC (n=8) CD (n=31)

Haemoglobin (Hb) (g/dl) 12-1 (0.6) 11.0 (0.8) 11-3 (0.3)
White cell count (X 106/ml) 10-6 (0.7) 8-6 (1.0) 9.9 (0-5)
Platelet count (X 106/ml) 437 0 (25 9) 462.4 (36 6) 511.7 (30 0)
ESR (mm/h) 49-1 (5.4) 59.4 (9.0) 73-3 (6.5)
Plasma viscosity (cp) 1-69 (0.03) 1-69 (0.05) 1-79 (0.03)
CRP (mg/l) 35-8 (10.0) 51-4 (20.3) 68-9 (11.7)
al acid glycoprotein (g/l) 1-13 (0.09) 1-44 (0 21) 1-53 (0.08)
Albumin (g/l) 38-3 (0.9) 33-4 (2.7) 33-7 (1-2)
Alkaline phosphatase activity (U/I) 98-0 (8.0) 101.9 (11-5) 157-7 (23.9)

Data shown as mean (SEM).

represented the first presentation of IBD in
eight patients. Patients with UC were classified
using the Truelove-Witts criteria as mild
(n=5), moderate (n=11), and severe (n=9).

Laboratory inflammatory assessment
Table I summarises the laboratory data for the
three diagnostic groups.

Disease extent and disease activity
There were significant correlations between
the extent ofUC and the serum concentrations
of albumin (r.=-0A48; p=0.016), CRP
(r.=0 39; p=005), and (xl acid glycoprotein
(r5=0 46; p=0.019) as well as ESR (r,=0A42;
p=0.035), platelet count (rs=0.45; p=0.024),
and the Cooke - Prior score (r.=-0 55;
p=0.004). For patients with IC, there were
significant correlations of the extent of colitis
with serum CRP concentration (r5=0.73;
p=0041), ESR (r5=0 73; p=0.041), haemo-
globin concentration (r,=-0-73; p=0.041),
and the Truelove-Witts categories (rs=0.80;
p=0O016).

Systemic endotoxaemia (Table II)
There was a significant positive correlation
between the extent of IC and the peak systemic
endotoxin concentration (r5=0 75; p=00 16).
There was a weaker correlation between the
number of endotoxaemic days and the
Truelove-Witts classification of disease activity
in patients with UC (r,=0 41; p=0044). All
controls had systemic endotoxin concentra-
tions less than 10 pg/ml.

TNF and TNF receptor concentrations (Table II)
In the group with UC, peak TNF concentration
was significantly correlated with Cooke-Prior
score (r5=-0 43; p=0.033), Truelove-Witts
categories (rs=0.40; p=0 046), and serum cxL
acid glycoprotein concentration (r5=0 41;

TABLE II Plasma endotoxin, TNF, TNF receptor, and EndoCAb concentrations in IBD

UC (n=25) IC (n=8) CD (n=31)

Peak plasma endotoxin (pg/ml) 26-1 (4.2) 23-6 (6.6) 29-1 (5.6)
Days endotoxaemic (max 5) 2-6 (0.4) 1.9 (0.6) 2-2 (0.2)
Peak plasma TNF (pg/ml) 13-9 (5.6) 38-8 (19.1) 16 6 (5.8)
Days positive for TNF (max 5) 1.0 (0.4) 1-4 (0.7) 1.1 (0.3)
Plasma p55 TNF receptor (ng/ml) 8-5 (2.4) 12-8 (5.2) 12-6 (3-1)
Mean plasma IgG EndoCAb (MU) 123-8 (12-6) 215-2 (64 5) 638-7 (99.3)
Mean plasma IgM EndoCAb (MU) 74.3 (10-3) 77-0 (15-7) 97-2 (11-5)

Significance: IgG EndoCAb: p<0 001 (Kruskal-Wallis). IgG EndoCAb: UC v CD: p<0 001;
UC v IC: p=0.037; IC v CD: p=0-041 (Student's t test).
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Figure 2: Peak TNF and disease activity in ulcerative
colitis.

p=0 04). The number of days positive for TNF
was also significantly correlated with the Cooke-
Prior score (r,=-0A44; p=0.028) and the
Truelove-Witts categories (r,=0 44; p=0.026).
Figure 2 shows peak TNF concentration
plotted against the Truelove-Witts categories.
No detectable systemically circulating TNF was
found in the control population.
The plasma concentration of the soluble

TNF receptor p55 was significantly increased
in all of the diagnostic groups when compared
with controls (2.3 (0.2) ng/ml; Student's
t test). Plasma p55 concentration correlated
with serum concentrations of albumin
(r.=-0.31; p=0.018), CRP (r5=0 31;
p=0*018), and ol, acid glycoprotein (r.=034;
p=0009), with the Cooke-Prior score
(r5=-0 34; p=0.009) and with plasma IgG
(r5=0 28; p=0.035) and IgM (r.=0'39;
p=0.002) EndoCAb concentrations.

Systemic EndoCAb response
There was a significant increase in the plasma
IgG EndoCAb concentration in the CD and IC
groups when compared with healthy controls
(94.3 (3.8)) and with the UC group (Table II).
There was a significant association between the
distribution of CD and the mean plasma IgG
EndoCAb concentration (Fig 3): plasma IgG
EndoCAb concentration being significantly
higher in patients with small bowel CD (929.6
(178.5)) when compared with patients with
large bowel CD (340.5 (59.2); p=0.006,
Student's t test). In the CD group, there was
also a positive correlation between the number
of endotoxaemic days and the plasma concen-
trations of IgG (r.=0 37; p=0.038) and IgM
(r5=0.46; p=0.009) EndoCAb.

Treatment received
In the group with UC, four patients were
treated with aminosalicylic acid derivatives, six
with systemic corticosteroids, and 14 with both
aminosalicylic acid derivatives and systemic
corticosteroids. In the group with IC, two
patients were treated with systemic corticos-
teroids and four with both aminosalicylic acid
derivatives and systemic corticosteroids. In the
CD group, nine patients were treated with
systemic corticosteroids, 11 with aminosali-
cylic acid derivatives and systemic cortico-
steroids, three with systemic corticosteroids
and azathioprine, one with azathioprine and an
elemental diet, and one with elemental diet
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Figure 3: Relation of diagnosis and disease distribution to
IgG EndoCAb concentration. LB=large bowel; SB=small
bowel.

alone. There was no relation between
treatment type or duration and results of sys-
temic endotoxin or TNF measurements.

Disease outcome
For UC patients, outcome at six months after
the study episode was classified as remission in
18 and surgical in seven (total abdominal
colectomy). A surgical outcome was found to
be significantly associated with a higher peak
plasma TNF concentration (p=0 04)
(Kruskal-Wallis).
For patients with CD, outcome was classified

as surgical in 10 and found to be significantly
associated with higher serum o1 acid glycopro-
tein (p=0.039) and CRP concentrations
(p=0047), a higher platelet count (p=0.043),
increased ESR (p=0004), a lowered serum

albumin concentration (p=0.022), and a lower
Cooke-Prior score (p=0.043) (Kruskal-Wallis).

Discussion
Systemic endotoxaemia is often such a tran-
sient feature of septic illness that an inflamma-
tory cascade can be activated and clinical
disturbances occur without simultaneously
detectable endotoxin.2' It was therefore felt
necessary in this study, not only to measure

plasma endotoxin concentration and to investi-
gate for a correlation between systemic endo-
toxaemia and disease activity, but also to
search for evidence of a specific immune
response to endotoxin as evidence of endo-
toxicosis. Disease activity was assessed using
both clinical and laboratory measures of
activity.17 18 20 Extent of colonic disease was

measured using a simple scoring system and
was found to correlate well with laboratory
measures of inflammation in both UC and IC.
The desire to detect endotoxins at low con-

centrations in human blood has led to devel-
opment of a range of tests from the
epinephrine skin reaction, to the limulus gela-
tion test, which was at least 10 times more
sensitive to the limulus amoebocyte lysate
assay.22 The limulus amoebocyte lysate bioas-
say is highly sensitive being capable of detect-
ing femtogram quantities of standard
endotoxin.22 Systemic endotoxaemia has been
shown to occur where the intestinal mucosal
barrier is damaged by trauma, infection
(typhoid fever, E coli enteritis, helminthiais),

ischaemia or neoplasia.23 24 Patients with
other intestinal diseases were therefore
thought to be unsuitable controls. None of the
100 healthy volunteers was positive for endo-
toxaemia, which is in agreement with other
studies.22

Systemic endotoxaemia was found in each of
the diagnostic groups: at least one endotox-
aemic episode was identified in 88% patients
with UC (52% samples positive), 75% patients
with IC (38% samples positive), and 94%
patients with CD (45% samples positive).
Systemic endotoxaemia was found to correlate
positively with the extent (IC) and activity
(UC) of the disease. These results are in close
agreement with those of existing reports of
systemic endotoxaemia in IBD.51 0 11

Circulating TNF was detected in 40%
patients with UC (22% samples positive), 63%
patients with IC (25% samples positive), 45%
patients with CD (19% samples positive), and
none of 100 controls. In the UC group, peak
TNF concentration (and the number of TNF
positive days) was significantly correlated with
clinical (Truelove-Witts) and laboratory
measures of disease activity (Cooke-Prior score
and ot acid glycoprotein concentration). Also
in the UC group a surgical outcome was found
to be significantly associated with peak plasma
TNF concentrations. MacDonald et al 25
detected TNF in the plasma of two of five
children with active CD and two of four with
active UC. In addition, Murch et al,26 have
reported an appreciable rise in circulating
TNF in children with a relapse of UC and
colonic CD but not small bowel CD.
Two soluble TNF receptors (p55 and p75)

are released by cells during inflammation and
are thought to modulate the effects of TNF.27
High concentrations of these TNF receptors
have been described in the serum samples of
patients with rheumatoid arthritis and
osteomyelitis.27 In this study, the soluble TNF
receptor p55 was found to be significantly
increased in each of the diagnostic groups and
to correlate with laboratory measures of
disease activity and plasma EndoCAb concen-
trations. An inhibitor ofTNF toxicity has pre-
viously been described in the serum of patients
with CD but not in healthy controls.28 More
recently, van Deventer et al29 have reported
significant increases in both p55 and p75 TNF
receptors in patients with active CD.

There are two main possible sources of this
circulating TNF: overspill from macrophages
within inflamed intestine or secretion by
activated circulating monocytes.26 Signifi-
cantly increased concentrations of TNF have
been detected in the stools of children with
active UC or CD and faecal TNF concentra-
tion has therefore been suggested as a marker
of disease activity.30 Mahida et al,31 however,
found no significant difference in the produc-
tion ofTNF by mucosal cells from colon with
IBD compared with normal colon. Regarding
peripheral blood monocytes, Mazlam and
Hodgson32 found that in vitro release of
TNF by these cells correlated positively
with the serum concentrations of CRP and oL,
acid glycoprotein in patients with CD. The
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supematant from these cultured monocytes
stimulated the release of a1 acid glycoprotein
from a liver cell line, the amount of which cor-
related with the TNF concentration within the
supernatant.32 The increases in the plasma
concentrations of TNF and soluble TNF
receptors and the positive correlation between
measures of TNF activity (plasma TNF con-
centration, plasma TNF receptor concentra-
tion, and in vitro monocyte TNF production)
and serum al acid glycoprotein concentration
all suggest that TNF is of pathogenic signifi-
cance in patients with IBD.

Plasma IgG EndoCAb concentrations were
significantly increased in CD patients com-
pared with the UC and IC groups. Analysis of
these results according to the distribution of
the disease showed the highest IgG EndoCAb
concentrations in patients with small bowel
CD. Intermediate concentrations were found
in patients with CD of both large and small
intestines and lowest concentrations in those
with colonic inflammation only. As might have
been predicted, patients with IC had inter-
mediate plasma IgG anti-CGL antibody con-
centrations as this group probably contains
patients with UC and patients with CD. A
positive correlation was found between
systemic endotoxaemia and the plasma con-
centrations of IgG and IgM EndoCAb (CD).
The finding that the plasma IgG EndoCAb
concentration was highest in patients with
small intestinal CD may be explained by the
much greater permeability of the mucosal bar-
rier of the small intestine (130-fold) to macro-
molecules compared with that of the colon.33
A greater absorption of endotoxins may there-
fore result from the increases in both intestinal
permeability and intraluminal bacterial counts
in active small bowel CD compared with those
patients with Crohn's colitis.34 35
The high incidence of systemic endo-

toxaemia in this group of patients with active
IBD, the significant correlations of systemic
endotoxaemia with both disease activity and
extent, the presence of circulating TNF (and
soluble TNF receptors), and the specific anti-
body response to endotoxin (IgG EndoCAb)
all support a pathogenically significant role for
endotoxaemia in these diseases. The difference
in EndoCAb concentrations between patients
with UC and CD (despite the lack of difference
in systemic endotoxin concentrations) is
unexplained but may prove of value in dis-
criminating between these two diseases.
This study has been presented in part at the 74th meeting of the
Surgical Research Society and has appeared in abstract form
(Br3JSurg 1991; 78: 1488A).
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and validating the soluble TNF receptor assay.
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